Introduction: Disorders of the auditory and vestibular system are often associated with human immunodeficiency virus infection and acquired immunodeficiency syndrome. However, the extent and nature of these vestibular manifestations are unclear.
Introduction
The global pandemic of human immunodeficiency virus and acquired immunodeficiency syndrome (HIV/AIDS) affects millions of people directly, and countless more indirectly. It is a multifaceted condition resulting in widespread clinical manifestations, including those in the head and neck area. 1 Head and neck disease is amongst the most commonly reported manifestation of HIV/AIDS, and has been documented since the discovery of HIV in the early 1980s. 2, 3 The incidence of head and neck related symptoms of HIV/AIDS has been reported to vary between 40 and 90 per cent. [4] [5] [6] [7] Many of these symptoms are characterised by involvement of the auditory system, as a result of the direct effect of HIV infection, or indirectly due to a combination of opportunistic infections or associated ototoxic treatments. 8, 9 Auditory pathology associated with HIV/AIDS involves structures including the outer and middle ear, cochlea, neural pathways, and central nervous system (CNS). The disease may involve one or many of these structures. Opportunistic infections related to the outer and middle ear may include acute otitis externa 10 and otitis media with effusion. 11 Highly active antiretroviral therapy combinations may be ototoxic, as may some treatments for opportunistic infections, resulting in hearing loss, tinnitus and hyperacusis. [12] [13] [14] A direct effect of HIV on the neural pathways, resulting in neural auditory disorders, has also been reported.
Although the exact incidence and prevalence of auditory disorders are unknown, as many as 75 per cent of adults with HIV/AIDS may present with auditory pathologies with aetiologies associated with HIV/ AIDS. 17 In addition to the auditory manifestations of HIV/ AIDS, vestibular dysfunction has also been documented. 18 The cochlea and vestibular organ, situated in the temporal bone, are interconnected and constitute the membranous labyrinth; they also share the same fluids, namely endolymph and perilymph. Their nerve fibres together constitute the VIIIth cranial (cochleovestibular) nerve. 19 Considering this shared anatomy and physiology, and the known effects of HIV/AIDS on the auditory system, it is not surprising that vestibular symptoms occur.
Individuals with vestibular involvement may present with symptoms such as vertigo or a sensation of spinning, 20 and in some cases there may be subclinical vestibular damage. Despite being a common symptom of vestibular involvement, only a limited number of reports have investigated the prevalence of vertigo in patients with HIV/AIDS. One study 21 reported that 9 per cent of individuals with HIV/AIDS complained of vertigo, while another reported the same complaint in 30 per cent of HIV/AIDS-affected adults. 22, 23 Such symptoms have probably been under-reported in individuals with HIV/AIDS due to the emphasis on the life-threatening aspects of the disease, as opposed to more chronic non-communicable disease processes.
The advent of highly active antiretroviral therapy and improvements in treatment accessibility are changing the face of AIDS, from an acute, life-threatening disease to a chronic condition. Thus, there is now a greater emphasis on quality of life concerns, as life expectancy increases for those living with the disease. 24 Although a cure for HIV/AIDS may not yet exist, enhanced management of HIV-related diseases and symptoms could facilitate improved wellbeing.
Just as hearing loss affects communication and human interaction, other sensory deficits, such as vestibular disorders, may also negatively affect quality of life. 25 Living with vestibular symptoms, such as vertigo or dizziness, may potentially restrict patients' activities of daily living, since such symptoms are often accompanied by anxiety, stress and fear of falling. In fact, the general health status of such patients is significantly affected by a perceived reduction in physical and socio-emotional functioning, associated with vertigo and dizziness. 26 However, to date there has been little consensus on the extent and nature of the vestibular manifestations of HIV/AIDS.
The present study aimed to systematically review the current body of peer-reviewed publications on reported HIV/AIDS-related vestibular manifestations and pathology.
Materials and methods
A varied search strategy was employed, searching several electronic databases, to identify relevant research articles and conference proceedings (excluding reviews, editorials, notes, letters and short surveys) from the peer-reviewed literature. To merit inclusion, relevant articles had to relate to vestibular findings in patients with HIV/AIDS, and to the possible pathology of these findings.
Articles relating to vestibulotoxicity aetiology were excluded from this systematic review, since the vestibulotoxic effects of aminoglycosides (commonly used to treat HIV-related opportunistic infections) and other potentially ototoxic medications have been reviewed elsewhere. 23, 27, 28 Many drugs may have vertigo and/ or dizziness as side effects, thus complicating the diagnosis of vestibulotoxicity.
All relevant articles and conference proceedings published before 1 February 2010 were included. Table I indicates the databases and search strategies employed.
The Medline database was searched using two strategies: (1) searching for HIV-related articles reporting vertigo in patients, and (2) searching for HIV-related articles reporting any vestibular finding in patients.
The second database search was conducted on Scopus. The search strategy aimed to identify HIVrelated articles reporting vestibular findings or vertigo in patients.
The third database search was conducted on PubMed, utilising Medical Subject Heading (MeSH) terms to locate articles reporting vestibular diseases with HIV, as well as vestibular function tests with HIV.
The search term 'dizziness' was omitted in all the database searches, since it is considered an imprecise MeSH term used to describe various sensations and symptoms each with a different pathophysiological mechanism and significance. In contrast, the terms 'vestibular' and 'vertigo' are strongly associated with involvement of the inner ear, vestibular nerve, brainstem and cerebral cortex; furthermore, the MeSH term 'vestibular diseases' includes the term vertigo, while the MeSH term 'vestibular function tests' includes caloric tests and electronystagmography. Thus, these terms were used in database searches.
By using a multifaceted approach, covering several databases and employing different search strategies, we aimed to ensure comprehensive coverage and to enable cross-checking of results.
All available English language abstracts were reviewed. Where abstracts were not available, the full paper was reviewed, and excluded if not directly relevant to our study objectives. After all duplicates and unrelated papers had been excluded, the remaining articles were reviewed according to the HIV/AIDSassociated vestibular findings reported. Figure 1 summarises the different phases of our systematic review procedure used to identify reports for inclusion.
Results and analysis
A total of 442 records were identified from the three databases. After excluding duplicates, letters, reviews, short surveys, notes and four non-English language articles, only 210 records remained. These remaining articles were reviewed by reading their abstracts, to determine their relevance to our study.
A total of 197 records were not directly relevant to the scope of our review, being unrelated to vestibular findings in individuals infected by HIV. The majority of excluded reports considered pharmacological side effects; others reported HIV-negative patients.
Only 13 articles reported vestibular functioning and pathology in individuals infected with HIV. Appendix I provides a brief summary of these articles.
Of these 13 articles, four were case presentations reporting the results of auditory and vestibular examination of adults presenting with vestibular symptoms. 30, 33, 37, 40 Seven group studies were identified, of which two were descriptive 29, 31 and five were quasi-experimental in nature. 18, 32, 34, 35, 39 These group studies aimed to investigate the nature of vestibular disorders and types of vestibular manifestations associated with HIV/AIDS. All patients were adults, except for one study investigating HIV/AIDS-related vestibular function in children aged 16 years and below. ACQUIRED IMMUNODEFICIENCY SYNDROME RELATED VESTIBULAR DISORDERS positioning nystagmus tests. Three studies used spontaneous nystagmus testing, and two used rotatory tests. A single study utilised posturography, Dynamic Gait Index, head shake and thrust, and gaze stability testing.
Post-mortem studies accounted for three of the 13 articles. Two of these used electron microscopy to investigate the mechanism of vestibular pathology in the vestibular end-organs of 10 and 12 autopsy cases, variously, in confirmed patients with AIDS. 36, 38 The third report was a single case presentation which also included a post-mortem study of a patient with HIV. 40 
Discussion
Vestibular system involvement in acquired immunodeficiency syndrome There are many more reports of the auditory manifestations of HIV/AIDS than the vestibular manifestations. The present review only identified seven reports of vestibular assessment in a group of HIV/ AIDS patients. Although it has been reported that vestibular disorders occur in 15 per cent of individuals infected with HIV, 41 we could find only four reports identifying the prevalence of various types of vestibular involvement in infected adults. Two reports 34,39 employed a quasi-experimental research design comparing their patients' results with those of a control group of HIV-negative adults. Both these studies categorised their HIV-positive participants using the Centers for Disease Control criteria, as either stage II, III or IV. Participants in both studies were asymptomatic, with no neurological or vestibular symptoms, apart from a subgroup of 14 participants in Hausler and colleagues' study. 39 These latter patients were however classified as stage IV and suffered from AIDS, opportunistic infections and AIDS-related complex.
Both these studies found that the CNS was involved even in the early stages of the disease. Results indicated poor oculomotor test performance and poor visual suppression, suggesting abnormalities in central vestibular functioning. These test results were evident at all disease stages, even in asymptomatic individuals with no reported neurological or vestibular symptoms. Castello et al. 34 reported a 52 per cent prevalence of such central vestibular involvement in asymptomatic HIV-positive adults. Such involvement implicated the pons-cerebellar pathways, supratentorial areas, and pretectal and paramedian pontine regions, as demonstrated by abnormalities in the saccade and pursuit tracking tests. The cerebellar-vestibular pathways were affected in 82 per cent of asymptomatic HIV-positive adults, as indicated by nystagmic alterations observed during caloric tests. This CNS involvement occurred regardless of disease stage. Although caloric test results were quantitatively within normal limits and suggested normal labyrinth functioning, the lack of more comprehensive testing meant that peripheral vestibular involvement could not be excluded. Although Castello et al. 34 classified their patients according to the Centers for Disease Control criteria, the vestibular findings for each stage were not compared or discussed.
Three studies 18, 31, 39 aimed to compare the prevalence of vestibular involvement at various stages of HIV infection (see Table II However, these findings may have been influenced by the fact that, although all procedures were essentially identical to other, similar studies, Teggi and colleagues' test battery included the Dynamic Gait Index (a sensitive tool used to identify vestibular disorders and to assess risk of falling). Also of note, Hausler et al. 39 defined abnormal caloric irrigation as a unilateral weakness of 40 per cent or more, although other authors have recommended setting normal limits for gain symmetry from as low as 22 per cent 41 to as high as 30 per cent. 43 Teggi et al. 31 considered a difference of more than 15 per cent to indicate a labyrinthine preponderance. Given this variance in recommended normal limits, the incidence of peripheral vestibular involvement reported by Hausler et al. 39 may have been greater if more conservative limits of normality had been employed.
Castello et al. 34 utilised bithermal caloric irrigation, but quantitative caloric response parameters were within normal limits for the peripheral vestibular system (i.e. the labyrinth and the vestibular nerve pathway). Thus, these authors identified the CNS as the causal area affected. Both Hausler et al. 39 and Castello et al. 34 concluded that neurological complications are likely to occur in HIV-infected individuals, which may result in vestibular manifestations. Abnormalities in the oculomotor test results (i.e. saccade and smooth pursuit tracking) of HIV-positive adults with cluster of differentiation 4+ glycoprotein cell counts below 500 cells/mm 3 also indicated neurological insults. 35 Results for static and dynamic posturography 32 indicate that the CNS and vestibular system are involved at all stages of HIV/AIDS, including in asymptomatic individuals. This implies that balance problems, postural instability and/or disequilibrium may be found in all individuals with HIV/AIDS irrespective of disease stage. Thus, patients' quality of life and daily functioning may be negatively affected by vestibular disorders early on in the disease process.
In contrast to earlier studies 34, 39 which included only asymptomatic, early stage participants, the most extensive study thus far has been by Teggi et al. 18 These authors assessed 60 HIV-positive adults with vestibular symptoms, who reported a history of balance disorders and chronic dizziness. Participants' disease stage ranged across three Centers for Disease Control categories. Their reported prevalence of vestibular involvement is presented in Table II . Unsurprisingly, the prevalence of central vestibular involvement increased from 3.3 per cent in the early stages of the disease to 100 per cent in the advanced stages. Peripheral vestibular disorders occurred in one-third of patients in the early stages of the disease, rising to one-half of patients in the advanced stages.
The only report 29 on vestibular manifestations associated with HIV/AIDS in the paediatric population indicated a high prevalence of abnormal auditory and vestibular function. However, the exact prevalence --36  0  0  33  3  NI  III  -50  ----0  2 7  2 7  5 0  3 5  N I  IV  ---NI  43  14  0  60  40  50 NI 100 * All symptomatic. HIV = human immunodeficiency virus; AIDS = acquired immunodeficiency syndrome; pts = patients; periph = peripheral; NI = test results not indicated in study ACQUIRED IMMUNODEFICIENCY SYNDROME RELATED VESTIBULAR DISORDERS and nature of vestibular involvement (whether peripheral or central) was not indicated.
Aetiology of acquired immunodeficiency syndrome related vestibular involvement Vestibular involvement occurs in HIV-positive children and adults irrespective of disease stage. The exact pathological mechanisms are still unclear. However, the four case report studies and three postmortem studies (one of which was also a case report) identified by the present review provide some information on possible contributing factors. Dizziness, vertigo, disequilibrium or imbalance may result when there is a lesion or dysfunction in the vestibular, visual and/or proprioceptive system. 20 Human immunodeficiency virus associated dysfunction in any of these systems may potentially result in balance disturbance, especially if affecting the vestibular and neurological systems. 23 Opportunistic infections and ototoxic medications associated with HIV/AIDS may also cause (or contribute to) vestibular symptoms. In the present review, the four identified case report studies of HIV-infected adults complaining of dizziness and imbalance demonstrate the causal role of opportunistic infections.
Case report studies Macher's study 30 reported a number of HIV-positive adults with conditions such as syphilitic meningitis, secondary syphilis, a syphilitic mass in the internal auditory canal, and oto-and neurosyphilis, in whom symptoms indicated vestibular involvement. Only two of these cases received a partial vestibular examination. In one case (with secondary syphilis), caloric test results indicated bilateral vestibular function loss, resulting in dizziness and persistent imbalance. In the other case, vestibular examination utilised the Romberg test; a positive result confirmed the presence of a syphilitic mass in the left internal auditory canal.
Song et al. 33 reported the case of an adult diagnosed with otosyphilis who presented with auditory and vestibular symptoms, including sensorineural hearing loss, dizziness and imbalance. Caloric testing revealed progressive involvement of the peripheral vestibular system. Initial caloric test results indicated unilateral vestibular dysfunction; two months later, total bilateral vestibular dysfunction was evident. The authors concluded that the incidence of syphilis is increasing in patients with HIV/AIDS, and that otosyphilis (diagnosed from auditory and vestibular symptoms and serological testing) is a commonly associated disease with severe sequelae.
Grimaldi et al. 37 described bilateral cochleovestibular nerve neuropathy in an HIV-positive adult with sudden bilateral hearing impairment, high fever and vomiting. There were no reported vestibular symptoms such as vertigo, dizziness or imbalance. However, brainstem auditory evoked potentials and bithermal caloric testing suggested bilateral involvement of both the cochlear and vestibular nerves. Vestibular nerve involvement was diagnosed solely on the results of the caloric test, as no other vestibular assessment procedures were performed. The authors called for research into VIIIth cranial nerve neuropathy associated with HIV/AIDS, since the pathogenesis is still unknown.
Hart et al. 40 reported an adult AIDS patient with complaints of vestibular symptoms such as dizziness, lightheadedness and imbalance, as well as cognitive changes. Vestibular examination revealed abnormal results for pursuit tracking and optokinetic testing. Caloric testing also revealed central vestibular involvement, suggesting a brainstem lesion. The patient was subsequently diagnosed with subacute encephalitis (commonly associated with HIV/AIDS), which was the probable cause of vestibular changes. The authors suggested that auditory and vestibular assessment tests could be useful tools with which to monitor the progression of subacute encephalitis (characterised by subtle cognitive changes even in the early stages of the disease).
Post-mortem studies
Two group studies were conducted postmortem. 36, 38 A third study comprised a case presentation, with auditory and vestibular test results, together with subsequent post-mortem findings. 40 Post-mortem studies of microstructural changes may help elucidate the possible mechanisms of HIV-related vestibular involvement. 36, 38 Pappas and colleagues' findings 36 indicated not only that the CNS is vulnerable to direct viral infection, but that their patients' peripheral vestibular labyrinth neuroepithelium contained viral-like particles characteristic of HIV. Specifically, pathology was observed within the cristae ampullares as well as in both otolith organs (i.e. the utricle and saccule). Chandrasekhar et al. 38 reported similar abnormalities within the utricle and saccule, together with precipitations in the fluid-filled semicircular canals. This suggests that HIV affects the peripheral vestibular system directly, and could explain the presence of peripheral vestibular dysfunction and the symptoms of chronic imbalance and dizziness reported by participants of a recent study. 18 The semicircular canals and otolith organs are the receptor organs for balance; their function is primarily to maintain postural stability and to aid spatial orientation, as well as keeping the eyes focussed on a target of interest while the head is moving. 23 Hart and colleagues' case presentation, 40 of a deceased HIV-positive adult with vertigo attacks and imbalance, also reported autopsy findings which indicated neuronal loss in the area of the vestibular-cerebellar projections, with inflamed cells in the vestibular nuclei. The vestibular assessment performed premortem suggested central vestibular involvement, and the subsequent autopsy confirmed these findings.
Conclusion
Individuals living with HIV/AIDS now have improved life expectancy due to improvements in treatment.
However, their overall quality of life may be limited by persistent vestibular symptoms such as vertigo, dizziness and/or imbalance. Peripheral and central vestibular functioning may be affected, irrespective of age or disease stage. However, the prevalence of central vestibular disorders seems to be greater, compared with peripheral disorders, especially at more advanced stages of the disease.
The aetiology of HIV/AIDS-associated vestibular dysfunction is complex, and may include direct effects of the virus on the peripheral and central vestibular system, together with the effects of a variety of HIV/AIDS-associated opportunistic infections (e.g. otosyphilis, encephalitis and cochleovestibular nerve neuropathy). 
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